ABSTRACT Analyzing probability distributions from water level time series and calculating the first passage time distributions gives the probability of firstly exceeding a given threshold corresponding to a flood or general disaster event. The method will be applied to the water level recordings of the Danube river from which since 100 years very accurate notes exist. The method is transferred to time series of traffic volumes interpreting traffic breakdowns as extreme events.
INTRODUCTION
Water level undulations, stochastic traffic dynamics and earth movements can be simularily described as equations of motions for a collective variable such as normalised water height, vehicle cluster size or earth quake amplitude including fluctuations. The corresponding Langevin equation can be transformed into stochastic differential equation (Fokker Planck Equation) where not only the equilibrium distribution can be deduced but also the time can be calculated when firstly exceeding a given extreme threshold (first passage time). This results in a statistics of extreme events and opens new insights in probabilistic description and prognosis of the traffic breakdowns and extreme events like floods and other natural disasters. 
Water level statistics
As an example the water fluctuations of the river Danube recorded since 100 years at Nagymaros, Hungary, are shown (comp. fig. 1 ) Fig. 1 .: 20 000 data of daily water level of the river Danube, measured at Nagymaros, Hungary (cited after I.M. Janosia; Gallas; J.A.C.: Growth of companies and water-level fluctuations of the river Danube)
In order to get red of the seasonal oscillations only the data of the same day of the year are subject to statistical analysis. The averages throughout the years for the different days of the year are shown in The year to year change in water level can be simplicity modelled by assuming that the biggest portion does not change t+1 t h =h (1) and if then there is an inflow in case the water level is below the average H(t) of the regarded day of the year and an outflow in case of the water level being above average
Finally fluctuations ) t ( Γ in form of white noise can be added modelling the unpredictable changes
Taking the time variable as a continuous variable the water level equation of motion (Langevin equation) reads
Decomposing inflow and outflow into average water level H and flow rate allows that introduction of a logarithmic water level variable h(t) x(t) = ln H
. When the flow rate is constant, the equation of motion can be summarized as
where the fluctuation force has to be rescaled properly. Introducing the potential Φ the above Langevin equation describing the water level fluctuations can be rewritten as
The corresponding Fokker-Planck equation describing the probability distribution P(x,t) of finding a logarithmic water level x at time t can directly displayed as
where the fluctuating forces are rescaled to white noise of fluctuation strength D=1
with the eigenfunction decomposition
The Fokker Planck equation transforms into the eigenvalue equation of a hermitian operator
from which the general solution can be derived when proper boundary conditions are respected
while the completeness relation 
holds when the eigenfunctions k ϕ from a orthogonal set.
Stationary solution
The stationary solution of the Fokker-Planck equation under natural boundary conditions can easily be found:
and
can be derived. Fig. 3 shows the extremely good correspondence of the predicted -x -shape and the long term (stationary) water level distribution. The convenience of theoretical prediction and empirical observations prompt the very simple model and initiates further predictions based on the derived model. The probability of finding a water level anywhere between the given critical extreme level and the average level x=0 at time t=0 reads
The temporal drop of this probability
describes the probability change which corresponds to the probability outflow over the boundary crit
therefore is identical with the probability that the water level x exceeds crit x and under the boundary conditions of Fig. 4 that x exceeds x crit for the first time.
Inserting the Fokker Planck equation the first passage time distribution can be transformed into
P representing the probability current.
Since at time t=0 the average water level is required as
which together with the completeness relation can be transformed in the general solution of the Fokker-Planck equation for the probability distribution
and for the probability current
from which the first passage time distribution
can be derived. The corresponding potential Φ in compliance with the first passage time boundary condition is shown in Fig. 5 . 
Traffic congestion formation
In order to apply the developed technique to the analysis of the traffic breakdown probability, we approximate the discrete balance equation for cluster formation by the corresponding Fokker-Planck equation introducing a diffusion approximation.
For the description of a traffic breakdown is we consider a straight traffic flow on a freeway section and study the spontaneous formation of a jam regarded as a large car cluster arising on the road. To get rid of some boundary conditions like entries and exits we can idealize the section by a circular road of length L with N cars moving on it. All the cars are assumed to be identical vehicles and can form two phases. One of them is the set of freely moving cars and the other is the congestion called single car cluster. The cluster is specified by its size n, the number of aggregated cars. Its internal parameters, namely, the headway distance and, consequently, the speed of cars in the cluster are treated as fixed values independent of the cluster size n. We note that in the model under consideration there can be only one cluster on the road. The free flow phase is specified also by the corresponding headway distance that, however, depends strictly speaking on the car cluster size n. The larger the cluster is, the less is the number (N -n) of the freely moving cars and therefore the larger is the headway distance.
When a vehicular cluster arises on the road its further growth is due to the attachment of the free cars to its upstream boundary, whereas the cars located near its downstream boundary accelerate to leave it, which decreases the cluster size. These processes are treated as random changes of the cluster size n by ± 1 and the cluster evolution is described in terms of time variations of the probability function P(n,t) for the cluster to be of size n at time t. Then, following Mahnke (1997), we write the balance equation called master equation governing the cluster evolution
Growth and dissolution balance
Balance equation The attachment rate w + (n) to the cluster takes into account strictly speaking the net time gap for a freely moving car to close up to the cluster. If net time gap and gross time gap are taken equal then this rate is just the traffic flow q + w (n) = q (27) to which the clustered vehicles as standing vehicles do not contribute. The transitions rate w + is thus independent of the cluster size n. The rate of the cars escaping from the cluster from its downstream front is written as
where the value τ can be interpreted as the characteristic time needed for a car in the cluster to leave it with a distance about the headway distance into the free flow state. 1/ τ is identical with the outflow traffic volume.
Treating the argument n as a continuous variable and expand the balance equation into a Taylor series up to second order (time is normalized with respect to τ)
where the potential Φ(n) can be calculated from its derivative
where an upper limit n = m was introduced. This limit is based on the fact that there should be a variety of possible manoeuvres for a driver to escape from a sufficiently small cluster still regarded as free flow or nearly free flow into a defined breakdown situation. n m m m n n The functional graph of the potential is shown in Fig. 8 for different scenarios where the system state tends either to n = 0 (free traffic flow) or shows bistability or tends to completely congested traffic. The potential provides the driving force in the creeping movement of the system state under the influence of stochasticity represented by a correlated fluctuating force entering into Langevin equation 
Frequency of traffic breakdowns during a fixed observation time interval
Up to now the probability of finding a congestion of exactly n vehicles in a car cluster has been calculated from a balance equation regarding transition rates for cluster formation and dissolution. As an observer one is more interested in breakdowns and cluster formation independent of the cluster size. Experimentally a traffic breakdown, as mentioned in the introduction, is typically analyzed by detecting a significant drop in the vehicle speed during a certain fixed time interval T. From time series the relative frequency of breakdowns versus stable traffic flow situations of the same corresponding traffic volume as control parameters can be derived as shown in Fig. 8 together with the breakdown distribution for a corridor control section. There is clear indication that the relative frequency increases drastically with increasing traffic volume.
In terms of probabilistic modelling, a traffic breakdown is an event that occurs when the system's state, which started at time t = 0 with n = 0 (free flow), reaches for the first time n = m where the escape value m is regarded as overcritical cluster size. To calculate this first passage time, the following boundary conditions must be considered: n = 0: probability current vanishes n ( ' )P = 0 φ + ∂ (reflecting wall); n = m: probability vanishes P = 0 (absorbing wall).
The corresponding stochastic movement of the state variable n described either by the Fokker-Planck equation (4) or the equivalent Langevin equation (7) when first reaching the critical cluster size m is sketched in Fig. 10 . 
Given the fixed observation time T the control parameters 2β = qτ -1 or the traffic volume q at beginning of the breakdown respectively can be varied which leads to the cumulative probability distribution for traffic breakdowns. (compare Fig. 12 ) Fig 12: Cumulative probability distribution for traffic breakdowns for fixed observation times as a function of the control parameter q (traffic flow at beginning of breakdown)
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